developmental delay 126 Translucent media was produced by omitting the cornmeal from the standard media recipe and 127 lowering the amount of agar to 0.52 g/100 ml [29] . Food was poured to a depth of 3 mm in 50 128 mm diameter petri dishes, allowing for the observation of the larvae in the food. Groups of over 129 100 mixed male and female wild-type flies raised on standard media were placed in each of 10 130 egg laying chambers. At the end of four hours, eggs were collected and five eggs were plated per 131 petri dish, with mannitol concentrations from 0 to 0.8 M, at 0.2 M increments. Six petri dishes Six treatment arenas contained a choice between 0.5 M and 0 M mannitol, while six control 154 arenas contained a choice between two 0 M mannitol media. 155 After 72 hours on standard media, 10 male and 10 female flies were transferred to the paired vial 156 set-ups, with 5 female and 5 male flies placed on either side of the plug. Flies were moved to a 157 new media arena every 24 hours and eggs laid on each media were counted daily for three days 158 (n=7,120 eggs). Vial orientation within the incubator was rotated once per day.
159
Statistical analyses 160 Analyses were performed using SPSS v. 24, Sigmaplot v 12.5, . 161 The effects of mannitol introduction to larvae on adult body size were analyzed using Wallis test with Dunn's multiple corrections for each sex. A 2-way ANOVA was used to look 163 for an interaction effect between sex and mannitol concentration on body size. A linear 164 regression was fitted to the data for each sex across concentrations, and the slopes and intercepts 165 were compared in Graphpad to assess if sexes differed in body size and in the degree of 166 mannitol's effect on their body size. 167 Effects of eclosion day on male or female body size within a concentration were assessed using 168 linear regressions in GraphPad, to understand the effects of mannitol in individuals that are more 169 or less delayed in their development within a concentration and sex. This allowed us to look for 170 any effect of day-based sampling bias, as we did not measure every emerging adult's body size, 171 but only two per day of each sex in each vial. There was no significant trend within each pair of 172 concentration and sex (e.g. 0 M + females) of emergence day on body size, except in 0.4 M 173 males, indicating that flies emerging earlier and later within a concentration were not differently 174 affected by mannitol and reducing the likelihood of day-based sampling bias on our results (S1 F=0.47, p=0.50; 0 M-male, F=3.52, p=0.07; 0.4 M-f, F=0.80, p=0.37; 0.4 M-m, 176 F=10.51, p=0.002; 0.8 M-f, F=0.16, p=0.69; 0.8 M-m, F= 2.00, p=0.16) . The slopes of the 177 regressions across all six concentration-sex pairs were not significantly different from one 178 another (F=0.53, p=0.75).
179
Larval mortality data across mannitol concentrations at 48 hours, 72 hours, and pre-eclosion was 180 assessed using survival analyses in SPSS [39] , with subjects living to the end of the trial or 181 eclosed included in the analysis as right-censored values on the final day of that test (48 hours, 182 72 hours, and the last day of the trial respectively). Pupae that had not eclosed after at least six 183 days at the end of the trial were marked as 'dead' on the final day of the trial (day 27).
184
Differences in survival distributions across concentrations were tested using pairwise log-rank 185 Mantel Cox tests. Three-parameter, best-fit sigmoidal function LC 50 curves for larvae at 72 186 hours, pre-pupation, and pre-eclosion were generated in Sigmaplot. To analyze any effects on 187 survival of delaying the introduction of mannitol to larvae by 72 hours, we used a pairwise log-188 rank Mantel Cox test (with subjects eclosed before the end of the trial included as right-censored 189 values on day 25, and pupae that had not eclosed marked as 'dead' on the final day).
190
To analyze developmental delays across concentrations, we used a one-way ANOVA with 191 Tukey's multiple comparisons test in Graphpad. To analyze differences in time from pupation to 192 eclosion, a one-way ANOVA with Tukey's multiple comparisons was used. To analyze any 193 phenotypic effects on pupation/eclosion time across replicates (n=6/concentration) by delaying 194 the introduction of mannitol to larvae by 72 hours, we used a 2-way ANOVA and Tukey's 195 multiple comparisons Tests in Graphpad. Differences in the number of larvae that pupated, but 196 did not eclose, across concentrations in the delayed-introduction treatments were analyzed using 197 Fisher's exact tests in Graphpad.
Oviposition choice was tested using a chi square against a 50-50 population, and against our 199 control-control vial populations. The best-fit sigmoidal curve for pre-eclosion LC 50 data was: 
200

Results
201
Effects of larval ingestion of mannitol on adult body size
362
In D. melanogaster, a carbohydrate-rich diet led to delays in eclosion and smaller pupal 363 case sizes [17] . Extremely high sugar (e.g., 1 M sucrose) diets produced insulin resistance, 364 leading to smaller wandering third instar larvae and smaller eclosed adults irrespective of protein 365 availability, the sugar used, or osmolarity of the food medium during development [10] . In 366 addition, high-sugar feeding led to dramatic delays in pupation [10, 12] , similar to what we saw 367 in our 0.4 M -0.8 M mannitol treatments. Delays in eclosion due to high-sugar diets affecting the 368 insulin-signaling pathway cause delayed onset of pupation, not prolonged metamorphosis [18]; 369 again, this is the same phenotype we saw when larvae were fed mannitol diets.
370
Feeding third instar larvae high-sugar diets for just 12 hours produced similar 371 transcriptional effects in genes associated with glucose transport and metabolism, lipid synthesis 372 and storage, trehalose synthesis and stability, and oxidative stress compared to larvae being fed high-sugar diets since egg lay, just with lower fold-changes in expression [10] . We observed that bodies, contributing to cell growth during development; mannitol's catalysis to trehalose may be 388 responsible for mediating its effects on growth rate and the interval to the cessation of growth via 389 the insulin/TOR signaling pathway similar to other carbohydrates [11, 45] .
390
The insulin/TOR signaling pathway regulates development in response to nutrients, and 391 disruptions of this pathway are known to affect body size and developmental duration 392 [19, 44, 46, 47] . Genetic defects in the insulin signaling pathway (including dILPs, Drosophila 393 insulin-like proteins), reduced insulin receptor activity, the inhibition of DREF (DNA 394 replication-related element-binding factor), or disruptions in TOR activation, can cause long 395 development times and smaller-bodied flies, similar to the adverse mannitol developmental 396 effects we observed in larvae [9, 19, [48] [49] [50] [51] [52] [53] . High-sugar diet fed larvae experience reduced 397 growth due to insulin signaling resistance, even when dILP levels are increased, while reductions 398 in nutrition can simply prevent the release of dILPs, thereby reducing growth [10, 44] . dILP 399 expression in response to a mannitol diet should be explored to better understand if disruptions to 400 the insulin/TOR signaling pathway mediate mannitol effects on larval body size, growth, and 401 developmental duration, especially given the similarity between the adverse effects of mannitol 402 and the adverse effects of high-carbohydrate diets on D. melanogaster larvae.
403
Proper growth during development can also influence survival to, and in, adulthood [28] . [55] . For these reasons, as well as the fact that all mannitol-fed larvae received the same 420 basic nutrients as controls, we consider reduced nutritional availability to be an unlikely driver of 421 mannitol's lethality.
422
Mannitol may also be acting as an osmotic stressor to larvae, as mannitol is known for its should be noted that D. melanogaster larvae have excellent osmoregulatory ability and other 433 Drosophila species' larvae have been found living in abundance in osmotically stressful, high 434 sugar environments [65, 66] .
435
Our oviposition choice data shows that females avoid laying on mannitol media, even 436 when the media has more abundant carbohydrates, suggesting they may be able to perceive the 437 presence of mannitol at concentrations of 0.5 M and above. As a product of microbial 438 fermentation in many microorganisms [21, 23] , mannitol may indicate important information 439 about the quality of oviposition locations to females, especially given that females pick 440 nutritional compositions of pre-rotting fruit over a composition more similar to currently-rotting 441 fruit to lay their eggs (despite these environments being suboptimal for larval performance at the time of egg lay; [16, 67] This study is the first to examine the effects of mannitol on development in any species of 446 holometabolous insect. In the sweet potato whitefly (Bemisia tabaci), mannitol was found not to 447 be lethal to nymphs, only adults, at a concentration of 10% [70] . Given mannitol's vastly 448 different effects on adults of different species (from nutritive to lethal), more work should be 449 done to understand mannitol's effects on development across taxa [20, 26, 27, [70] [71] [72] [73] [74] . This may 
